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 Introduction
A work item on physical layer enhancements for NR URLLC has been approved in RAN#88e with the following objective [1]:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 


In this contribution, we discuss the possible enhancements for CQI reporting. More specifically, we evaluate the existing mechanisms for differential subband CQI and wideband reporting and provide the possible enhancements to enable better resource allocation and MSC selection at the gNB.
 Discussion
In NR, the gNB sends CSI-RS to the UE to be used for CSI measurements and reporting. The requested reports by the gNB can be with either coarse frequency granularity or fine frequency granularity, where the latter allows the gNB to have CSI for small size of PRBs. For the CSI measurements and reporting, the UE reports CSI that include variable indicators to allow the gNB to adapt their downlink transmission accordingly. For example, channel quality indicator (CQI) allow the UE to quantify and report its downlink channel quality to the gNB, where the latter uses this information to adapt its link modulation and coding scheme.
The UE sends the CSI reports on either PUSCH or PUCCH, where single or multi-CSI reports can be transmitted. The periodicity of CSI-RS and CSI reports can be either periodic (P), or semi-persistent (SP), or aperiodic (A). For periodic CSI reports, the UE is configured with the reporting periodicity and timing offset, the periodicity can range from 4 to 320 time slots. Periodic CSI reporting requires periodic CSI-RS and no dynamic triggering is needed. However, semi-persistent and aperiodic reports require triggering mechanism. In NR, multi-CSI reports is supported, where different reports can be sent with different configurations. 
 Aperiodic CSI on PUCCH
The existing A-CSI reporting is triggered by the ‘CSI request’ field in DCI 0_1/2, which allocates uplink resources on the PUSCH to carry the A-CSI report. Unlike A-CSI on PUSCH, A-CSI on PUCCH has different triggering mechanisms and is reported to the gNB on the PUCCH. In this section, we discuss the need for A-CSI reporting in general for URLLC, then we discuss the advantages and disadvantages of the A-CSI on PUCCH based on the triggering mechanism. According to the agreement in RAN1#102e, two use-cases were defined, (i) factory automation, which is a periodic data traffic, and (ii) Rel-15 enables use cases (AR/VR), which is an aperiodic data traffic. 
Periodic data traffic (factory automation): given that the traffic model is periodic deterministic traffic, using P/SP-CSI reporting is more suitable and sufficient for initial transmission for the factory automation use-case. Besides, for the re-transmission scenarios, it should be noted that the smallest coherence time for this use-case is equal to ~2.25 ms (assuming UE speed 30 Km/h) and it is larger than the given latency requirement, which is 1 ms. Therefore, there is no need to update the CSI reports for the re-transmission scenario. Thus, P/SP-CSI reporting is sufficient for the factory automation use-case.
Observation 1: P/SP-CSI reporting is sufficient for initial and re-transmission in periodic data traffic. 
Aperiodic data traffic (Rel-15 enabled use-cases): given that the traffic model is aperiodic FTP model with 100 packets/s, hence the average arrival interval is equal to 10 ms, which is about a packet per a frame (1 packet per 10 ms). In addition, given that the UE speed is 3 Km/h, hence the coherence time for this use-case is about 22.5 ms. Therefore, having a single CSI report of P/SP-CSI reporting for every 10 ms is sufficient. Nevertheless, this is not the case for fast changing channel scenario, an A-CSI report may be needed. Yet, if the A-CSI report is intended to be used for initial transmission, the possible options of A-CSI on PUCCH are:
· A-CSI on PUCCH with DL-DCI trigger: the UE can be triggered to send the A-CSI report on PUCCH, however, to enable this scheme it requires some modification in the existing DCI (adding a new entry, hence longer payload). Besides, this scheme has the same computational delay as the A-CSI on PUSCH. Hence, there is no clear enhancements and reasons to enable the A-CSI on PUCCH.
· A-CSI on PUCCH with group common (GC)-DCI trigger: multiple UE can be triggered to send A-CSI reports on PUCCH. However, given that the data traffic is aperiodic, hence it is very unlikely to have multiple UEs being synchronized at the same time to have DL data.
Therefore, A-CSI on PUSCH is sufficient for initial transmission with fast changing channel. 
Observation 2: Using P/SP-CSI reporting for aperiodic data traffic model is sufficient in a channel model with large coherence time. 
Observation 3: A-CSI on PUCCH schemes for initial transmission with aperiodic data traffic do not add any clear enhancements compared to A-CSI on PUSCH.
In addition, if the A-CSI report is intended to be used for the re-transmission, possible options of A-CSI on PUCCH are:
· A-CSI on PUCCH with DL-DCI trigger or GC-DCI trigger: assume the BLER for the initial transmission is equal to, hence the probability of having a re-transmission is 1% of the total received PDSCH packets. Therefore, having A-CSI reports on PUCCH after every DL reception is waste of the spectral efficiency. This is because only 1% of the A-CSI reports will be used and 99% of the A-CSI reports are not needed.
· A-CSI on PUCCH with NACK trigger: the UE prepares the A-CSI report at the time of receiving PDSCH packet, however, A-CSI report is sent when the PDSCH decoding fails, which is only 1% of the cases. However, it should be noted that for the 99% of the cases, there are A-CSI computations are running in parallel with the PDSCH decoding process to prepare the A-CSI reports, yet the 99% of the A-CSI reports are not sent. This means there is a large amount of lost power consumption due to the unneeded 99% of A-CSI reports computation.
· A-CSI multiplexed report with HARQ-ACK on PUCCH: it should be noted that there is big time difference between the PDSCH processing time capability 2 and the A-CSI computation delay/time, hence in order to multiplex the two reports (i.e. A-CSI and HARQ) to be sent together the HARQ packet should be delayed until the A-CSI computation is completed. In addition, combining the two reports means that the payload size is bigger and hence the probability of error is higher compared to sending the two reports individually. 
Observation 4: The possible expected enhancements of using A-CSI on PUCCH for re-transmission is very limited because the number of re-transmissions occurrence is only ~1% out of the total PDSCH transmissions.
Observation 5: Using A-CSI on PUCCH for re-transmission leads to increase in the UE power consumption and reduces the UL spectral efficiency. 
Proposal 1: Do not support A-CSI on PUCCH for URLLC in Rel-17.
[bookmark: _Ref54353234]Differential CQI reporting
The CQI value, which is used by the gNB to select the MCS, is included in the CSI reports and it is reported with either subband (SB) and/or wideband (WB) granularity. The report of WB-CQI carries a single CQI value calculated using all the PRBs and requires 4 bits to convey the CQI information. While the report of SB-CQI carries multiple differential CQI values calculated relevant to the WB-CQI value. The formula of finding the differential CQI values for each subband is given by:
Differential CQI subband = SB-CQI – WB-CQI
Differential CQI scheme uses 2 bits per subband, and the mapping between the differential CQI and CQI offset is given in Table 1. Reporting differential CQI values per subband instead of the actual CQI value per subband (using 4-bit CQI) reduces the number of required bits in a payload, where the bits needed for differential SB-CQI reporting: 
Max: 19×2 = 38 bits (which is half the number of bits needed for reporting the actual SB-CQI). The choices of differential CQI values 2 and 3 in Table 1 indicate that the CQI offset values of >=3 are merged with CQI offset value equal to 2, in a similar manner, the CQI offset values of <=-2 are merged with the CQI offset equal to -1. The CQI offset values that are not reported explicitly by the UE to the gNB represents the information loss.
[bookmark: _Ref47480075][bookmark: _Ref47479950]Table 1: Differential CQI mapping (§5.2.2.1 in [2]).
	Differential CQI values
	CQI Offset

	0
	0

	1
	1

	2
	>=2

	3
	<=-1


Observation 6: Due to the use of differential CQI reporting, the big variation in CQI offset values are not reported accurately (i.e. there is information loss in the reported differential CQI), which results in inefficient CQI reporting.
In order to evaluate the performance of differential CQI reporting mechanism in terms of the probability of occurrence and the probability of lost information, the statistics of having a various differential CQI value are found and plotted in Figure 1. The system parameters used in this document are presented in Table 4.
Information loss
Information loss

[bookmark: _Ref47527660]Figure 1: Probabilities of occurrence of differential CQI values using existing differential CQI table
 (144 PRB with subband of 8 PRB size) 
Where <=-2 and >=3 present the lost information in the negative and positive region of the CQI offset range, respectively, while the probability of <=-1, =0, =1, >=2 depict the performance of the current differential CQI using the existing table. From the performance evaluation using our computer simulation, the CQI offset values of the existing table cover:
· 82% of the information are reported, where the lost information is ~16% in the negative CQI offset values and ~2% in the positive CQI offset values.
Observation 7: Differential CQI with existing table does not capture all the CQI offset values where only ~82% of the statistics are captured. The probabilities of the lost information in the high positive values of CQI offset are 2-3%. These probabilities are very low compared to that of the negative CQI offset values, which are 15-20.
It also follows from this observation that, for example, if the measured CQI offset value at the UE is -2 or less, the reported differential CQI value is <= -1, so the UE will not be able to report the correct CQI offset value and the gNB will not be able to make a reliable decision accordingly. 
In order to evaluate the existing differential CQI reporting, the MCS prediction error will be evaluated. The MCS prediction error is the difference between a scheduled MCS using existing 2-Bit D-CQI and the scheduled MCS using the actual SB-CQI values. In order to achieve the system reliability with existing 2-Bit D-CQI, it is assumed that the gNB will adopt a conservative approach for the MCS selection for the uncertain/inaccurate reported differential CQI values. In which, the reported D-CQI >= 2 is considered equal to 2, and the reported D-CQI <= -1 is considered equal to -4. The reason for the decision on choosing D-CQI = -4 is based on the statistical distribution for the differential CQI values, where the ~99% of the D-CQI statistics can be covered with high reliability, where the statistics of having D-CQI <= -5 is approximately 1%. Figure 2 depicts the performance evaluation of the MCS prediction error evaluation for factory automation scenario following the system parameters as in the RAN1#102-e agreement with ten users.
The MCS prediction error (surrounded with the red triangle) is equal to ~22%, which leads to reduction in the spectral efficiency equal to ~10% compared to using the actual SB-CQI (i.e. 4-Bit for reporting CQI values per SBs). Thus, inaccurate CQI reporting in the negative region of CQI offset leads to reduced spectral efficiency.
 MCS prediction error

[bookmark: _Ref54110237]Figure 2: MCS prediction error using the existing 2-Bit D-CQI table
Observation 8: Reporting differential CQI with existing table results in MCS prediction error of about 22%, which leads to spectral efficiency reduction of approximately 10% in comparison to reporting the actual SB-CQI values.
It also follows from this observation that spectral efficiency depends on the accuracy of the reported CQI, hence study and evaluation of the existing differential CQI reporting mechanism is required.
Proposal 2: Support the design of new differential CQI tables for URLLC in Rel-17 that enhance the reporting mechanism by capturing the statistics in better way.
 Enhancements for differential CQI reporting
As observed in the last section that the existing method of differential CQI reporting: (i) is biased to capture the statistics in the positive region of CQI offset values rather than the negative region, and (ii) cannot capture the all statistics of CQI offset values. In the following sections, we highlight some of the possible approaches to address: (i) the asymmetric issue in reporting the positive and negative region of CQI offset values (this option is addressed in §5.1), and (ii) the information loss in general for all CQI offset values (this option is addressed in §5.2).
[bookmark: _Ref47480369]The information loss in the negative part
One approach to address the high loss in the negative part of CQI offset values is that the existing differential CQI table can be changed to a different table as in Table 2 to capture the statistics more in the negative region, and hence the new table is termed Reversed Mapping differential CQI table.
[bookmark: _Ref47480467]Table 2: Reversed differential CQI mapping
	Differential CQI values
	CQI Offset

	0
	0

	1
	>= 1

	2
	-1

	3
	<= -2


To evaluate the performance of the reversed differential CQI mapping, the probability of occurrence for the reported CQI offset and probability of information loss are plotted in Figure 3.


[bookmark: _Ref47618920]Figure 3: Probabilities of occurrence of differential CQI values using reversed differential CQI table 
(144 PRB with subband of 8 PRB size) 
Where <=-3 and >=2 present the lost information in the negative and positive region of the CQI offset range, respectively, while the probability of <=-2, =-1, =0, >=1 depict the performance of using the reversed differential CQI table (Table 2). From the performance evaluation using our computer simulation, the reversed CQI offset values of Table 2 cover:
· 81% of the SB-CQI information are reported, where the lost information is ~6% in the negative CQI offset and ~13% in the positive CQI offset.
Observation 9: Using the reversed differential CQI table mapping re-distribute the statistics of the lost information between the positive and negative regions of CQI offset in a uniform manner compared to using the existing differential CQI table.
It follows from the observation that the lost information in the negative differential CQI region is reduced from ~15-20% (using existing table for differential CQI mapping) to ~6% (using the reversed table for differential CQI mapping). Certainly, there will be slight increase in the positive differential CQI region from ~2-3% (using existing table) to ~13% (using reversed table)
Proposal 3: For URLLC in NR Rel-17, support reversed table for differential CQI mapping to offer enhancements in reporting the subband CQIs.
[bookmark: _Ref47480403] The information loss in general
One straightforward approach to resolve the matter of the information loss in differential CQI reporting per subband is using 4-bit CQI per subband (i.e. sending the actual CQI value of each subband). An alternative approach is to use 3-bit differential CQI mapping as presented in Table 3 instead of the existing 2-bit table.
[bookmark: _Ref47480881]Table 3: Three-bit differential CQI mapping
	Differential CQI values
	CQI Offset

	0
	0

	1
	1

	2
	2

	3
	>= 3

	4
	-1

	5
	-2

	6
	-3

	7
	<= -4


To evaluate the performance of the 3-bit differential CQI reporting mapping, the probability of occurrence for the reported CQI offset and probability of the information loss are plotted in Figure 4.

[bookmark: _Ref47528303]Figure 4: Probabilities of occurrence of differential CQI values using 3-bit differential CQI table 
(144 PRB with subband of 8 PRB size) 
Where <= -5 and >= 4 present the information loss in the negative and positive region of the CQI offset range, respectively, while the probabilities of <= -4, = -3, = -2, = -1, = 0, = 1, = 2, >=3 depict the performance of using the 3-bit differential CQI mapping. From the performance evaluation, the 3-bit CQI offset values of Table 3 covers:
· 99% of the SB-CQI information are reported, where the lost information is 0.7% in the negative CQI offset and 0.3% in the positive CQI offset.
Observation 10: Using the 3-bit CQI offset mapping table achieves high accuracy of differential CQI reporting of at least 99%.
To evaluate the effect of the 3-Bit differential CQI reporting on the MCS scheduler at the gNB, the MCS prediction error is provided in Figure 5. The MCS prediction error is the difference between a scheduled MCS using the 3-Bit D-CQI and the scheduled MCS using the actual SB-CQI values. In order to achieve the system reliability, it is assumed that the gNB will adopt a conservative approach for the MCS selection for the uncertain/inaccurate reported differential SB-CQI values. In which, the reported D-CQI >= 3 is considered equal to 3, and the reported D-CQI <= -4 is considered equal to -5.

[bookmark: _Ref54119569]Figure 5: MCS prediction error using the 3-Bit D-CQI table
Where the MCS prediction error is equal to ~0.4%, which leads to a negligible reduction in spectral efficiency (~0.1%) compared to using the actual SB-CQI (i.e. 4-Bit for reporting CQI values per SBs). Thus, using the 3-Bit D-CQI achieves the same spectral efficiency compared to that of using 4-Bit for reporting SB-CQI, yet enjoys reduced payload size, which is one bit lesser per subband. In addition, from the performance results, the spectral efficiency enhancements of using the 3-Bit D-CQI compared to using the existing 2-Bit D-CQI is equal to ~10%.
Observation 11: Reporting differential CQI with 3-Bit table results in enhanced spectral efficiency compared to that of using the existing (2-Bit) D-CQI reporting.
Reporting SB-CQI using the 3-bit differential CQI mapping requires only one additional bit per payload compared to the existing differential CQI mapping. Given that the optimum performance of SB-CQI reporting can be achieved by reporting the actual SB-CQI, it can be also concluded that using 3-bit differential CQI reporting saves up to 19 bits.
Observation 12: Using the 3-bit differential CQI mapping capture all the statistics and its accuracy close to that of the actual CQI values of each subband, yet using the 3-bits differential CQI requires less bits per payload.
Proposal 4: For URLLC in NR Rel-17, support 3-bit differential CQI mapping to capture the CQI offset accurately.
CQI tables for SB-CQI reporting 
The existing CQI tables have 16 entries, out of which, 15 to report the CQI values and one entry for out of range CQI values. The CQI tables are used for the WB-CQI reporting and for SB-CQI reporting. However, as mentioned in §4 in this document, for SB-CQI reporting a differential CQI method is used, hence the possible SB-CQI values that can be reported is equal to the WB-CQI value ± the differential CQI value for SB-CQI. Now, consider for example, a UE is reporting CQI for four subbands using WB-CQI and D-CQI for SB-CQI, then assume the WB-CQI value = 15 and given that the D-CQI can be >= 2, hence the possible SB-CQI value that can be reported is equal to 17. Nevertheless, the CQI values entries of the existing CQI tables end with CQI value equal to 15. Thus, the SB-CQIs that are higher than 15 will be reported as 15. The same issue can be observed for WB-CQI = 1. Hence, un-accurate CQI value or out of range option are reported for a subband. 
Observation 13: Using differential CQI reporting with WB-CQI reporting for reporting SB-CQI values beyond the existing CQI tables is not possible.
A possible solution to tackle this issue is having CQI tables with additional CQI values entries for SB-CQI reporting, while maintaining the existing CQI tables for WB-CQI reporting. Hence, more accurate SB-CQI reporting can be enabled with no additional payload cost.
Proposal 5: For URLLC in NR Rel-17, support CQI tables with additional CQI values entries for SB-CQI reporting.
Wideband CQI enhancements
The WB-CQI reporting is applicable for the total PRBs in the associated BWP, providing a single CQI report, hence only a small payload size is needed to send the CQI report. The WB-CQI value is reported for the entire CSI reporting band, hence if there is any deep fading or high inter-cell interference in a number of PRBs the WB-CQI value may not reflects the issue. Besides, having deep fading or interference may drive the CQI value to a lower CQI value and lowers the spectral efficiency given that the gNB may select few RBGs for sending the DL packets. The CQI offset/deviation from the WB-CQI value is depicted in Figure 4. From the figure, the CQI offset values extend down to -5/-6 from the WB-CQI value with probability of ~18% for the SB-CQI values <= -2. It should be noted that the gNB tends to allocate RBGs with the highest MCS values (which comes from the high SB-CQI values), hence it is more likely that the gNB will try to avoid the subbands with the lowest CQI values. 
One possible approach to enhance the WB-CQI reporting is to avoid the Q subbands with the lowest CQI in the calculation of WB-CQI, hence it is termed Best-WB-CQI. The UE shall calculate the Best-WB-CQI after excluding the lowest-Q subbands using the PRBs in the best subbands. To evaluate the performance of Best-WB-CQI scheme, the enhancement using the Best-WB-CQI in relative to WB-CQI is defined as: 
Enhancement in Best-WB-CQI = Best-WB-CQI – Existing WB-CQI
Figure 6 presents the enhancements in Best-WB-CQI after excluding the lowest five subbands out of 18 subbands. 

[bookmark: _Ref54209671]Figure 6: Enhancements in Best-WB-CQI after excluding the lowest-5 subbands
(144 PRB with subband of 8 PRB size)
Where 0 depicts that Best-WB-CQI and existing WB-CQI have the same CQI values, while 1 and 2 indicate that the Best-WB-CQI values are higher than existing WB-CQI values by 1 and 2, respectively. From the results, the percentage of the reported Best-WB-CQI values are higher than the existing WB-CQI values is equal to 62%, which can be translated directly into spectral efficiency gain.
Observation 14: Excluding the lowest-Q subbands leads to enhance the reported CQI values per the reported Best-WB.
In a similar method to finding the CQI offset in relative to WB-CQI, the best subbands CQI offset in relative to Best-WB-CQI are found and plotted in Figure 7.
 
[bookmark: _Ref54211118]Figure 7: Best subbands CQI offset after excluding the lowest-5 subbands
(144 PRB with subband of 8 PRB size)
From the results, finding the best subbands CQI offset in relative to the Best-WB-CQI leads to have smaller range of CQI offset values compared to the existing scenario. For example, the probability of differential CQI (using Best-WB-CQI) <= -2 is ~10%, which is half the differential CQI values, ~20% (using existing WB-CQI). In addition, the percentage of CQI offset equal to zero is increased with Best-WB-CQI by ~13%.
Observation 15: Using the Best-WB-CQI instead of existing WB-CQI leads to smaller CQI offset range.
Proposal 6: Support the design of Best-WB-CQI for URLLC in Rel-17 that enhances the CQI reporting.
Prioritizing URLLC in P/SP CSI reporting
When a UE is configured with periodic CSI reports having different period lengths, in some periods their respective configured PUCCH resources will overlap in time, as shown in Figure 8. If multi-CSI reporting is configured the two reports can be multiplexed onto a combined PUCCH resource. Otherwise, one of them needs to be dropped. To give URLLC traffic high priority, the dropping rule (in §5.2.5 of [2]) should account for the configured CQI table (the CQI tables for MCS selection and link adaptation), favouring the lower BLER target, and this condition should take precedence over all other conditions. Prioritization could be considered over multiplexing even in the case when multi-CSI reporting is otherwise enabled and a combined PUCCH resource would be available.

[bookmark: _Ref47481051]Figure 8: Multi-CSI multiplexing prioritizing when PUCCH resources overlap
Proposal 7: When PUCCH resources assigned to two P/SP CSI reports overlap in time, if one of them is configured with a CQI table using lower BLER target than the other then the one with the higher BLER target should be dropped, unless the UE is configured otherwise.
Conclusion
In this contribution, we discussed the possible enhancements for CQI reporting in NR and we have the following observations and proposals:
Observation 1: P/SP-CSI reporting is sufficient for initial and re-transmission in periodic data traffic.
Observation 2: Using P/SP-CSI reporting for aperiodic data traffic model is sufficient in a channel model with large coherence time.
Observation 3: A-CSI on PUCCH schemes for initial transmission with aperiodic data traffic do not add any clear enhancements compared to A-CSI on PUSCH.
Observation 4: The possible expected enhancements of using A-CSI on PUCCH for re-transmission is very limited because the number of re-transmissions occurrence is only ~1% out of the total PDSCH transmissions.
Observation 5: Using A-CSI on PUCCH for re-transmission leads to increase in the UE power consumption and reduces the UL spectral efficiency.
Observation 6: Due to the use of differential CQI reporting, the big variation in CQI offset values are not reported accurately (i.e. there is information loss in the reported differential CQI), which results in inefficient CQI reporting.
Observation 7: Differential CQI with existing table does not capture all the CQI offset values where only ~82% of the statistics are captured. The probabilities of the lost information in the high positive values of CQI offset are 2-3%. These probabilities are very low compared to that of the negative CQI offset values, which are 15-20.
Observation 8: Reporting differential CQI with existing table results in MCS prediction error of about 22%, which leads to spectral efficiency reduction of approximately 10% in comparison to reporting the actual SB-CQI values.
Observation 9: Using the reversed differential CQI table mapping re-distribute the statistics of the lost information between the positive and negative regions of CQI offset in a uniform manner compared to using the existing differential CQI table.
Observation 10: Using the 3-bit CQI offset mapping table achieves high accuracy of differential CQI reporting of at least 99%.
Observation 11: Reporting differential CQI with 3-Bit table results in enhanced spectral efficiency compared to that of using the existing (2-Bit) D-CQI reporting.
Observation 12: Using the 3-bit differential CQI mapping capture all the statistics and its accuracy close to that of the actual CQI values of each subband, yet using the 3-bits differential CQI requires less bits per payload.
Observation 13: Using differential CQI reporting with WB-CQI reporting for reporting SB-CQI values beyond the existing CQI tables is not possible.
Observation 14: Excluding the lowest-Q subbands leads to enhance the reported CQI values per the reported Best-WB.
Observation 15: Using the Best-WB-CQI instead of existing WB-CQI leads to smaller CQI offset range.
Proposal 1: Do not support A-CSI on PUCCH for URLLC in Rel-17.
Proposal 2: Support the design of new differential CQI tables for URLLC in Rel-17 that enhance the reporting mechanism by capturing the statistics in better way.
Proposal 3: For URLLC in NR Rel-17, support reversed table for differential CQI mapping to offer enhancements in reporting the subband CQIs.
Proposal 4: For URLLC in NR Rel-17, support 3-bit differential CQI mapping to capture the CQI offset accurately.
Proposal 5: For URLLC in NR Rel-17, support CQI tables with additional CQI values entries for SB-CQI reporting.
Proposal 6: Support the design of Best-WB-CQI for URLLC in Rel-17 that enhances the CQI reporting.
Proposal 7: When PUCCH resources assigned to two P/SP CSI reports overlap in time, if one of them is configured with a CQI table using lower BLER target than the other then the one with the higher BLER target should be dropped, unless the UE is configured otherwise.
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[bookmark: _Ref54368481]Table 4: Simulation parameters for performance evaluation.
	Parameters
	Value

	Channel model
	CDL-C (300 ns rms)

	Subcarrier spacing
	30 KHz

	CQI Table
	Table 1 (64 QAM Table)

	BWP size
	72, 144, 274 (PRBs)

	Subband size
	4, 8, 16 (PRBs), respective to BWP sizes

	SNR 
	-5:5:20 dB

	BLER target
	0.1

	Number of Tx antennas
	1

	Number of Rx antennas
	1 

	SNR effective mechanism 
	MIESM



SNR = -5 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	7.0000000000000007E-2	0.25	0.44	0.2	0.11	0.01	SNR = 0 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.16	0.35	0.28999999999999998	0.25	0.11	0.01	SNR = 5 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.15	0.33	0.27	0.22	0.17	0.03	SNR = 10 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.2	0.36	0.25	0.21	0.18	0.04	SNR = 15 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.21	0.38	0.26	0.23	0.13	0.02	SNR = 20 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.16	0.34	0.33	0.27	0.06	0.01	Mean	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.15833333333333335	0.33499999999999996	0.3066666666666667	0.23	0.12666666666666668	0.02	CQI offset values


Probability distribution function





-6	-5	-4	-3	-2	-1	0	5.0000000000000001E-3	5.0000000000000001E-3	5.0000000000000001E-3	5.0000000000000001E-3	0.06	0.16	0.78	
Probability 



SNR = -5 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.01	7.0000000000000007E-2	0.17	0.44	0.31	0.11	SNR = 0 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.04	0.16	0.19	0.28999999999999998	0.36	0.11	SNR = 5 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.05	0.15	0.18	0.27	0.39	0.17	SNR = 10 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.09	0.2	0.16	0.25	0.39	0.18	SNR = 15 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.11	0.21	0.17	0.26	0.37	0.13	SNR = 20 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.08	0.16	0.18	0.33	0.33	0.06	Mean	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	6.3333333333333339E-2	0.15833333333333335	0.17500000000000002	0.3066666666666667	0.35833333333333339	0.12666666666666668	
Probability distribution function




SNR = -5 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	0	0	0.01	0.06	0.17	0.44	0.2	0.1	0.01	3.0000000000000001E-3	SNR = 0 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	1E-4	4.0000000000000001E-3	3.5999999999999997E-2	0.12	0.19	0.28999999999999998	0.25	0.09	0.01	1E-4	SNR = 5 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	0	1.4999999999999999E-2	3.5000000000000003E-2	0.1	0.18	0.27	0.22	0.14000000000000001	0.03	2E-3	SNR = 10 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	7.0000000000000001E-3	3.3000000000000002E-2	5.8000000000000003E-2	0.11	0.16	0.25	0.21	0.14000000000000001	0.04	6.0000000000000001E-3	SNR = 15 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	1.89E-2	0.05	0.06	0.1	0.17	0.26	0.23	0.11	0.02	5.0000000000000001E-3	SNR = 20 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	1.7600000000000001E-2	3.6999999999999998E-2	4.1000000000000002E-2	0.08	0.18	0.33	0.27	0.06	0.01	2E-3	Mean	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	7.3000000000000001E-3	2.3E-2	0.04	0.1	0.18	0.31	0.23	0.11	0.02	3.0000000000000001E-3	CQI offset values


Probability distribution function





-1	0	4.0000000000000001E-3	0.996	
Probability



0	1	2	0	1	2	0.38	0.48	0.14000000000000001	
Histogram



-4	-3	-2	-1	0	1	2	3	4	3.0000000000000001E-3	1.4999999999999999E-2	0.08	0.20499999999999999	0.38	0.23	6.5000000000000002E-2	0.02	2E-3	
Histogram
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